Clostridium scindens sp. nov., an obligate anaerobe with desmolytic activity, was isolated from human fecal flora. The desmolase, not associated previously with any specific intestinal microorganism, cleaves the carbon-carbon bond of 17-hydroxylated corticoids at C17-C20, thereby converting them to androstans (C19 steroids). In primary cultures on sheep blood agar plates, C. scindens forms minute, nonhemdytic colonies. 
In 1957, Nabarro et al. (14) noted increased excretion of urinary 17-keto steroids in two of three patients who were receiving rectal infusion of cortisol for ulcerative colitis. The observation was confirmed by Wade et al. (22) , who also demonstrated that side-chain cleavage of cortisol was suppressed by oral administration of neomycin, which implicated bacterial flora in the steroid transformation. Direct evidence of bacterial participation in the conversion was provided by Gustafsson (7) and Eriksson and Gustafsson (6) , who demonstrated the in vitro conversion of cortisol to S~-androstane-3~,11~,17~-triol by human intestinal flora. In 1981, Cerone-McLernon et al. (5) investigated the conditions for desmolase activity of the fecal flora and showed that the concentration of converting organisms in feces was approximately W/g. Recently, Bokkenheuser et al. (l) , using both dilution and replica plating techniques f12), succeeded in isolating a fecal organism that synthesizes steroid desmolase. This organism, a clostridium, has characteristics unlike those of described species. In the present study, we examined the growth conditions, morphological characteristics, and biochemical properties of this organism, for which we propose the name Clostridium scindens.
MATERIALS AND METHODS
Isolation. C. scindens (Bokkenheuser strain 19) was isolated from the fecal flora of a healthy human subject with media and techniques previously described (4).
Morphological characteristics. Examinations for Gram reaction, size, shape, and appearance were from 16-to 24-h cultures in supplemented peptone broth (Becton Dickinson and Co., Paramus, N.J.) or prereduced, supplemented brain heart infusion broth with cysteine (Scott Laboratories, Inc., Fiskeville, R.I.). Colonial morphology was determined on Columbia blood agar plates (BBL Microbiology Systems, Cockeysville, Md.). Electron microscopy was performed as previously described (1) . Briefly, cells were harvested by centrifuging at 7,000 x g for 15 min and were dispersed in distilled water. The suspension was diluted in 0.2 to 0.4% * Corresponding author.
potassium phosphotungstate (pH 6.7) containing 0.05% bovine serum albumin and was applied to carboned collodionfilmed grids with a Vaponefrin-type nebulizer. The grids were examined immediately with an electron microscope (model EM-200; Philips Electronic Instrument, Mahwah, N .J.) operated at 60 kV with double-condenser illumination and a 30-to 35-mm copper disk aperture in the objective.
Phenotypic characterization. Biochemical characteristics and fermentation products were determined as described previously (8). Biochemical tests were read after 7 days of incubation, Antibiotic susceptibility was tested by the brothdisk method (8, 23).
RESULTS

Strain 19
is an obligately anaerobic, chemo-organotrophic, gram-positive rod that forms endospores and therefore is a member of the genus Clostridium (20) . It has characteristics unlike other described species in the genus (Table 1) . For this new species we propose the name C. scindens.
Description of C. scindens. C. scindens sp. nov. (scin'dens [pronounced "skin'dens" or "sin'dens"] L. part. adj. scindens-splitting, because it produces a desmolase) cells are nonmotile and stain gram positive. Endospores are terminal and wider than the vegetative cell. The spores are difficult to demonstrate microscopically but are observed in stains from chopped meat agar slants incubated at 30°C for 3 weeks. Cultures from egg yolk agar plates incubated anaerobically at 30°C for 7 days survive heating at 80°C for 10 min and treatment with absolute ethanol for 30 min.
Electron microscopy. This strain showed considerable pleomorphism. Cells in the log phase of growth are rod shaped and slightly curved (about 0.5 to 0.7 by 1.0 to 2.5 pm) and occurred singly or in chains ( + Acid produced from: and abundant hydrogen; no propionic, butyric, isobutyric, or isovaleric acid is produced.
v, 40 to 60% of strains positive. Where two reactions are listed, the first is the more usual and occurs in 60 to 90% of strains.
0.1 mm in diameter) when first isolated. In subsequent subcultures on blood agar plates, two colony types are observed: a small, common type with a diameter of 0.3 to 0.7 mm and a rarer type with a diameter of 1.3 to 2.0 mm. After repeated subculturing, the larger colonies became more common. All colonies are circular to slightly irregular, low convex, smooth, glistening, and greyish white with an entire periphery. Neither sheep nor rabbit erythrocytes are hemolyzed. The optimum temperature for growth is 42°C; good growth occurred at 37 and 45°C; growth is slow at 25"C, and none occurs at 50°C. Broth growth. Growth in glucose broth is turbid, with a smooth sediment after incubation for 24 h. A mucoid sediment formed after incubation for 48 h. The products of fermentation in peptone-yeast extractglucose broth are acetic acid and ethanol. Abundant hydrogen is produced. Pyruvate is converted to acetate; lactate is not utilized. terone, and 16a-hydroxyprogesterone.
dehydrogenation of ursodeoxycholic acid.
The guanine plus cytosine content of deoxyribonucleic acid as determined by the thermal melting point methods (9, 13) , is 45 mol%.
The type strain is susceptible to penicillin G (2 U/ml) but resistant to chloramphenicol 12 pg/ml), clindamycin (1.6 pg/ml), erythromycin (3 pg/ml), and tetracycline (6 pg/ml).
Enzymatic activity on steroids and bile acids. C . scindens synthesizes at least four enzymes active on steroidal substrates (24) . The steroid desmolase cleaves the C17-C20 bond of a variety of 17a-hydroxy steroids (Table 2 ). In the absence of a hydroxyl group at C17, the side chain could not be removed, but the C20 keto group of corticoids was reduced to a hydroxyl function in the a position. Moreover, the organism synthesizes a 7wdehydroxylase active on cholic and chenodeoxycholic acids and a 7P-dehydrogenase active on ursodeoxycholic acid.
Aerotolerance. Pure cultures of C. scindens seeded on blood agar plates, left at room temperature under ordinary atmospheric conditions for 4 , 8 , and 24 h, and then incubated anaerobically at 37°C for 2 days form colonies; desmolase activity is retained (1) .
DISCUSSION
Characteristics of the genus CZoostridiurn. According to Smith and Hobbs (20) , the genus Clostridium contains anaerobic or microaerophilic rods that produce endospores that usually are wider than the vegetative cells in which they are found. The cells generally are gram positive and may be very active metabolically. Since these characteristics match the features of the desmolase-producing organism, we place it in the genus Clostridium with the name C. scindens.
Clostridia metabolizing steroids and bile acids. Of the few Clostridia known to synthesize these specialized enzymes, C. paruputrificum, C. innocuum, and Clostridium J-1 strain (Virginia Polytechnic Institute no. 13637) reduce the A4-3-keto function of steroid hormones (2, 3), whereas C. absonum (11) and C. perfringens (10) are active on the 7-hydroxy function of bile acids. To these species we may now add C. scindens, which synthesizes desmolase, an oxidative enzyme that cleaves the side chain of the D-ring. The mechanism by which the transformation takes place is unknown.
Fimbriae. Another unique feature of C. scindens is the presence of filamentous nonflagellar structure, fimbriae. These structures generally have been restricted to gramnegative bacteria (17) . Among the gram-positive bacteria INT only Corynebacterium renale has been reported to possess fimbriae (25) . Although broad, ribbon-like appendages have been observed on spores of clostridia (19) , the presence of fimbriae has not been reported previously in any other clostridium.
Habitat and distribution of desmolase organisms. Organisms that produce the desmolase enzyme seem to be widely distributed in nature and can be aerobic or anaerobic. The enzyme is synthesized by a number of free-living aerobic soil microorganisms (15, 16, 18, 21) . Several of these enzymes cleave not only the side chain of 17-hydroxylated corticoids but also those of 17-nonhydroxylated steroids and sterols. Previous experiments (5, 6) and those reported here indicate that desmolase-synthesizing organisms are present in most, if not all, fecal specimens of humans. The concentration of these organisms is about 107/g of feces, but whether C . scindens is the most common desmolase-producing organism inhabiting the human gut is unknown. In view of the fact that at least this strain of C. scindens is resistant to most of the conventional antibiotics used in the treatment of anaerobic infection, one might expect that it would occur in abscesses seeded from the intestinal flora. The absence of this organism in such situations, however, may indicate either a low virulence of the species or that other strains of the species are generally more susceptible to these antibiotics than is the strain studied.
